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ELECTRO-SURGERY* 


By William D. McFee, M.D. 
Haverhill, Mass. 


T the present day, when describing the use of elec- 

tricity in surgical procedures, reference in almost 
every instance implies the employment of high frequency 
electrical currents which may have different character- 
istics such as the damped wave produced by means of 
a high frequency electrical apparatus having a spark 
gap in circuit and the undamped wave which we get 
from a high frequency apparatus having radio tubes 
in its circuit. 

Tissue may be separated or cut through by a current 
from a high frequency apparatus in which the oscillat- 
ing circuits are so balanced that a wave which is not 
more than 20% damped is produced, or for the same 
purpose we may use the undamped wave high fre- 
quency current giving a constant and steady heat effect 
which will quickly cut its way through, an ordinary 
needle serving as the active electrode. This electrical 
action has been described by various writers using 
many different names, some of which are very sugges- 
tive of commercialism, conveying no expression of the 
particular procedure involved. 

Many times attention has been called to the impor- 
tance of avoiding a duplication of terms used in describ- 
ing electrical current effects or methods of treatment, 
as this results in much confusion of ideas. And once 
more a plea is made, as first alluded to by the writer 
about ten years ago, for the more general use of the 
term “electro-surgery” which comprises the use of elec- 
tricity in its many forms for the destruction or removal 
of body tissue. 

Dr. Harvey Cushing, Professor of Surgery in Harvard 
University stresses this point in the following quota- 
tion from an extremely valuable contribution to the 
annals of surgery of the subject of “Meningiomas Aris- 
ing from the Olfactory Groove and their Removal by the 






















































Aid of Electro-Surgery” published in The Lancet, of 
London, England, June the 25th, 192 Since, by the 





mall (‘active’) electrode and a 
all the cutting effects 





employment of a 
large (“indifferent”) electrod 
can be confined to the tissues in the immediate vicinity 
of the active electrode, it constitutes a surgical tool 
which bids fair to replace the scalpel in certain fields of 
work. 

Naturally enough, following Pozzi’s lead, this new 
adjunct to surgery has for obvious reasons been chiefly 
restricted to the removal of malignant growths and has, 
therefore, remained largely in the hands of specialists 
who are called upon to treat malignant disease in in- 
accessible places. Those who have seriously employed 
these methods in the extirpation of carcinoma about 
the mouth and other body orifices have written enthusi- 
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astically on the subject. But meanwhile, owing to the 
variety of trade names which have been introduced, no 
fusion has arisen as to the meaning of fulgura- 
tion, diathermy, endothermy, and so on. 0 less has 
here been confusion in regard to the various forms of 
that are employed, whether unipolar or bipolar, 
vhether for cutting, dehydration, or coagulation. For 

oses of simplification, therefore, it would seem bet- 
ter for the time being to utilize the single term of “elec- 
y” for all these varied performances, 











Electro-surgery has a distinctive place in the field of 
eneral as Well as special surgical endeavor, as it may 
ised with safety and bring satisfactory results in 
treatment of many conditions heretofore dangerous 
naccessible by the employment of knife surgery. 
Oftentimes the surgeon encounters pathological condi- 
tions which he cannot contend with successfully, due 
to the liability of meeting with uncontrollable hemor- 
hage, either because the tissue is such that it will not 
retain ligatures or because sloughing following his 
operation may extend to neighboring blood vessels and 
produce troublesome and even dangerous secondary 
bleeding. 

The procedure of electro-surgery, when used by the 
surgeon of proper training and experience, is readily 
controllable and entirely safe. 


























lesion, particularly that of a malignant nature, that the 
first operation should completely remove or destroy the 
growth; otherwise we might stimulate new diseased cell 
activity 

Dr, George B. Eusterman and Dr. A. U. Desjardins 
of the Mayo Clinic have published some interesting re- 
ports concerning the value and importance of electro- 
surgery, particularly in the removal of accessible 
growths. Eusterman says, “Surgical diathermy is as- 
suming greater importance in some clinics, especially 
in the removal of malignant and benign tumors of the 
face, skull, and oro-pharynx. Electro-coagulation is 
superior to the ordinary methods of cautery.” Des- 
jardins says, “The surgical application of diathermy 
is based on so concentrating the heat at one point as 
to produce tissue destruction. By means of suitable 
electrodes, such concentration and consequent destruc- 
tion can be varied within fairly wide limits. Diathermy 
differs totally from cautery. In the former, the heat is 
not transmitted to the tissues by a hot instrument as is 
the case with the cautery. When the diathermic elec- 
trode is brought in certain relation to the tissues, the 
instrument remains cool, the heat being produced in the 
s themselves by their resistance to the passage 
of the electrical current.” 

The effects on body tissue when the high frequency 
electrical currents are used for its removal are ordinarily 
fred to as desiccation and coagulation, desiccation 
meaning the effect of drying or dehydration, this action 
veing superficial, and coagulation meaning the deep 
lestructive effect of the high frequency current. For 
the purpose of electro-surgery, apparatus should be 
ised having a constant and consistent output of cur- 
rent of sufficient capacity and which will produce the 
required quality of spark of contact energy. The spark 
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It is important in the treatment for destroying any 















































gap which regulat the y 
Volume of the electrical discharg, ;27 indirectly the 
Eehitie’anparatis: Sa very important 
Reference to the term “electro-coagulation’ 
paper will mean the deep destruction o: 
tissue by the high frequency current ind 
means of the active electrode 
terminal in conjunction with the 
connected with the other terminal of the high fr enc’ 
machine and applied to any convenient part of the hae 
This constitutes a bi-terminal high frequency ay ilies 
tion with the damped wave characteristic Its wae Ane 
dicated for the removal of many forms of canceriwhiel 
are external or accessible in Cavities, also in treating 
deep seated growths after they are exposed by means 
of the ordinary surgical procedure. There is very little 
sloughing beyond the border of current contact and 
scarcely any pain or other disagreeable reaction follow- 
ing the treatment. Blood vessels and lymph channe 
are immediately sealed so that there is no blood loss and 
these possible entrances for the migration of disease 
cells are effectively shut off and closed. 


in this 
T Coagulation of 
direct contact by 
connected with one 
indifferent electrode 















In the operation for the removal of growths by elec- 
tro-coagulation, the following technique is the one 
usually employed by the writer: A large indifferent 
metal electrode usually 8” x 6” or larger, is applied to 
some part of the body where good contact can be ob- 
tained as on the back below the angle of the scapula; 
general anaesthesia or local such as nerve blocking 
being used. The active electrode consisting of a sur 
gical knife fitted in an insulated handle is used in con- 
tact with the tissue to be remove The current is that 
delivered from a suitable high frequency apparatus of 
the d’Arsonval type, which will deliver a high milliam- 
perage and remain constant in action. The current is 
turned on by an assistant, and gradually increased until 
coagulation occurs as shown by the cooked appearance 
of the tissue. The knife inserted just beyond and be: 
low the margin of the growth is then gradually moved 
through the circumference with a rotary motion, the 
growth being lifted, as it becomes separated, with the 
Other hand by means of a suture imbedded in the struc- 
ture or by forceps. This is continued until entire re- 
moval is accomplished. If conditions nd technique are 
correct no bleeding results and a clean seared surface 
is assured, Very little if any pain follows, and a super- 
ial slough occurs leaving healthy underlying tissue. 
, o-coagulation is adapted to the 


treatment of a great variety of lesions and growths in 
many parts of the body, and my terest has been Pie 
ticularly attracted to the good results obtained in the 
treatment of a number of cases similar to the following 
; S. ———,, age 80,—was operated on by the uber! 
for removal of a papillary carcinoma at the Paseo 
the tongue about the size and thickne fe in sens 
walnut. The patient was anaesthetizec wie lite 
mouth gag being inserted; the tongue was held He i 
tion by a long suture passing through its contr, 
Cheek was divided by a lateral incision extending [ror 
the angle of the mouth toa point midway to the ang 











The method of electr 

















‘hich was removed 
the jaw, thus exposing the growth, w hi - was ener 
by cutting it away with a knife electrode ace ig 








ust what i 


thus able 


an 
acent to the 
yeen previously treated by 
esult except that the disease wa 
nt suffering considerable 
The radium treatment in 
an who was s 
perienced in its use. The diseased tissue was 
wed by electro-coagulation; the indifferent 1 
je, size 8” x 10”, was placed under the shoulders, a 
surgical knife in an insulated handle was used a 
prowl 
its margin, the growth being gradually lifted 
n its bed as it was separated by the current contact. 
covered all the coagulated area, which is usual, 
these separated in about two weeks. During this 
the patient was able to be about every day, had 
little discomfort, required no narcotics, and had 
no blood loss during or after the operation. Up to 
present time the area treated has held its full degree 
of improvement. 


Malignant conditions involving the mucous mem- 

nes, as cancer of the tongue, leucoplakia, etc., 

usually respond very little, if at all, to treatment by 

fay or radium alone, whereas when electro-coagula- 
tion is used, the results are usually satisfactory. In c 

ating tissue which is close to bony structures, care 

should be exercised not to coagulate deeply enough to 

the periosteum, as it takes considerable 5 

en many months in some cases, for this to heal. The 

entire bony structure may be destroyed when necessary. 

Caution should also be exercised in all these treatments 

hat the indifferent electrode closely approximates 

kin surface; it should be held in place by a band- 

age, preferably of elastic material, so that if the patient 

moves it is not so easily dislodged. Very severe burn- 

y result from loose or improper electrical con- 

, due to the arc formed in the air space between 

le and the skin; good electrical contact, there- 

fore, must be maintained throughout the entire opera- 

tion. 


Electro-coagulation, if properly performed, is not ac 
ompanied by surgical shock, hemorrhage, or any los: 
of blood during or after the operation. In treating 
growths in the mouth, sometimes the coagulation will 
not go beyond the point of actual contact, and it is well 
to watch these cases during the sloughing process so 
as to guard against possible bleeding when the slough 
eRins to separate; this, however, will very seldom 
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us observa 

1 words, tl 

unt 

ie needed 
wledge gained 
Electro-desiccation 
and sterilizing all tissue wi 

in contact and it may plish t 
destruction. Electro- 

the treatment of s 
cially those which ar r an 
for removing such hy) i the 
mucous membranes as f t nd he ids 
As this is a mono-terr I ay be used 
with absolute safety, is und tire control of the 
operator, is followed b 
no after pain, and the 
minimum amount of 
ment of diseased t 
of electro-desiccation is the on 
technique is employed. Man 
diseased tonsils during a peri 
been successfully treated by the g to the 
following technique: For conv f application 1 
have used an elect especially for 
this work. I prefer alled cold 
spark, instead of tl ~ 
taining foreign substances are clea t r begin- 
ning treatment. The | of the should be 
upright in the ct Y 
used, or may be treated 
a head mirror. No mouth 
tonsils, pharynx, and uvula with equal 
1 to 1000, and solution Ce aia taal 
any equally efficient anaesthet With rig se ie Ae 
open, keep the tongue out of the wy bayratich: Peis oH 
Or wooden tongue depressor; introduce the electrode s¢ 
to one-half inch beyond its metal por ree Son 
tonsil; turn on previously tested current Cries 
the Oudin terminal of a high frequen hit ccaction 
then rapidly pass spark over tonsil Se onelaet ae 
Occurs, as shown by a white film. ie aes used. In 
should not be penetrated by the electrode 5 
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um amount of slou 





hervous pationts we may have to quickly withdraw the 
electrode, if gagging occurs, then go back and repent 
In most cane both tonsils tay be treated at 
ittin light irritation of the throat is felt 


for one 
or two ( ina period varying from five to seven da 


the thro Vill be found clear, and similar treatment | 
then given at these intervals until the maximum result 
is secured, usually in about ai wok iccording Lo the 
mount of hypertrophy present The length of the 
park used varies in different case tid individual jud 
ment must be exercised 


In the treatment of hemorrhoide and polyps, th if 

plication of the current is somewhat simular « ept that 
© usually bring the active electrode in direet contact 
vith the tissue to be remo the pile tumor or pol 


having 


previously been clamped, Very little a 


flerecar 
in nece iy and these patients are able to resume thet 
iccustomed activities on the completion of the opera 
tion ’ 
Electro-desiceation of tissue may be produced eitl 
by the bombardment of the spark of various length 
by the direet contaet of the metallic electrode insert 
into the tissue, although when direct contact is ma 
the resulting aetion or destruction is more properl 
coagulation 

The use of the so-called cutting current of high fre 
queney for removing a growth after the entire ma 
been coagulated may have a slight time saving a 
intage and seems to be well adapted for the purpose 
of rapid dissection of tissue, but unt one is par 
ticularly well skilled in if* use the amount of destru 
tion may be more than is desired, for it must be passed 
through the tissue very rapidly and its action is not so 
readily controiled ag is that of the technique heretofore 
deseribed 

Professor W, T. Bovie of Harvard University ha 
experimented with an unique outfit for producing t 
combined effects of the coagulating and cutting currer 
and has done some very creditable research work tend 
ing, toward the solution of an accurate measurement of 
the electrical enerzy necessary to destroy the iiOu 
bodily tissues, When this is accomplished, we may then 


be able to select the particular quality and quantity o 
current adapted to the condition to be treated 


Every credit for the development of the use of hig! 
frequency currents in the field of surgery in this coun 
try is due Dr, William L, Clarke of Philadelphia 
vis anong the first to call attention to the value 
these currents in surgery 

The title of this paper, “BlectroSurger is use 
With the hope that it may call attention to the importa 
Ol @ terminology that has a definite meaning in 
specialized work, embracing as it does the use of ele 
tricity a8 an additional agent of value to the use of the 
calpel in the field of surgery 

The best results, particularly in the treatment of in 
accessible growths, will be obtained by the joint effort 
of the surgeon skilled in the knowledge and use of 
knife surgery, and the surgeon having similar knowled 
OA the use and action of electricity in a surgical sense 
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Electrosurgery came on the surgical horizon abot 

1907 as an outcome of the epoch making experiments 

: i experiments 
of @’Arsonval and Oudin. The present efficient form 
of ctrosurgery in this country, and largely in the 
world, is due to Wiiliam L. Clark of Philadelphia, who 
took it over in a crude state and brought it to the 
borders of perfection. Addenda have been large duc 
to technical developments by electrical specialists 
responding to stated needs of surgeons. ; 

De Keating Hart and Pozzi over twenty years ago 
used a long sparking current of high voltage and low 
amperage for the destruction of tumors, called fulgura- 
tion Edwin Beer* of New York took this up about 
1908 and used it extensively in bladder tumors. The 
difficulty with this agent was a lack of penetration; 
Beer's work, however, was distinctly prophetic of all 
that has followed. 

The demand for electrosurgery arose from imperfec- 
tions in the established surgical technic, long accepted 
as inherent in operative methods and, therefore, hardly 
realized until the new agent and the acquired facility 
necessary to its skilful application appeared to remedy 
them. 























The reproaches indicated have lain in the prolongation 
of operations due to the application of ligatures to stop 
hemorrhage ; in the liabiiity of conveying infection or 
‘ei distsrbating it in the general course of many opera 

ions; in the fact that ligatures acting as foreign bodies 
{uae become foci of infection; in the deplorable manipt 
penceat aatisstes; in the contamination of wounds and 
clicciaie' deed. enbean of handling malignant growths and 
ienponed on our cutie infections ; in the limitations often 
Of the operat €xtirpative work by reason of the depth 
oral and tasal i irom the surface, particularly in the 
and sometimes ea in neural surgery, and in rectal 
that any serious ee procedures; in the fact 
thage in a deep operation, of ligation in sharp hemor 
continuation to its com kten precludes a satisfactory 
tissues after, pith completion; in the condition ot 

recovery, which im 


ae 








kes a desirable 
i: Remeval of . 
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econdary operation objectionable; in shock arising 
rom prolonged operation with attendant hemorrhage. 
Experience has shown that these objections are in a 
measure overcome by electrosurgery 

Electrosurgery as now used is the employment of a 
high frequency alternating electric current of about 
1,000,000 to 2,000,000 or more oscillations per second 
for the destruction or excision of diseased tissues. The 
current voltage and amperage under perfect control 
ranges from a minute, almost invisible, spark up to a 
heavy flashing flame, causing a necrobiotic heat pene- 
tration to the depth of 1 cm. on all sides of the elec- 
trode The current is applied by “active” electrodes of 
various shapes: needle, thin narrow blade, ball, curet, 
wire loop. 





These currents are applied through a uniterminal or 
biterminal connection with the generating apparatus, 
affording either a desiccation or a dehydration of the 
tissues, an electrocoagulation, or, by molecular disin- 
tegration, 2 cleavage or cutting of tissues 

The cardinal virtues of electrosurgery lie in effec- 
tive destruction in loco of tissues that it is desirable 
to eliminate This manifestly includes all forms of 
malignancy. There is no handling of tissues because 
of the knife and fork type of operation, which is 
unequaled in cleanliness by the immediate complete 
sterilization of both bacterial and malignant infection, 

Hemostasis is easily effected in severing vessels up 
to about 1 mm. in diameter either by the application of 
the coagulating electrode direct or by the intermediary 
of a well-pointed hemostatic clamp, isolating the vessel 
Thus ligatures are avoided, and the risk of infection is 
lessened by reason of the reduction of the imported 
foreign material. The ability to check hemorrhage, 
keeping the fingers away from the wound, makes it 
possible to continue deep work in various parts of the 
body 











Another advantage is the extended use of local anes 
thesia, which reduces hospitalization by making a 
number of these patients ambulatory 

\ notable achievement lies in the group of opera- 
tions being undertaken, many of them until recently 
hardly possible, particularly extensive malignant 
growths ot the jaw, oral cavity, antra, brain, breast, 
thyroid, and vulva, resulting in a great number of 
patients with open wounds which, being kept clean, 
heal rapidly without pain or toxemia and yield a soft, 
pliable scar. Tonsillectomies in patients presenting 
contraindications for ordinary surgical procedure, such 
as cardiac disease and advanced age, are now being 
performed electrosurgically by trained operators. The 
destruction of the tonsil is effected in several stages, 
by applying the current alternately first to one side 
and then to the other, at intervals of one or two weeks. 
Such patients are usually ambulatory. The pillars must 
he kept from adhering by scar tissue until all infection 
disappears, thus avoiding encapsulation of infectious 
material, The method is still considered to he appli- 
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and by men especially 
sy and otolaryngology 
¢ intensity of the high fre 
r depth of penetration may 
int leep-seated structures 
isease areas. Especially is this true of 
, carotid, for example) leading to and 
eighboring tissues. To 
at the operation or subsequently 
sloughs away, a ligation of tributary 
advisable. While muscles (the pect 
e being incised, the faradic ef 
je 
st a neighboring large ve 
ryes often causes the same muscular 
e muscles supplied, with dang 
is that of undertreatment, part 
mn amateur. The extreme limits of the 
ys be estimated in malignant cond 
ion and the extirpation carried well 
he normal zone. The electrosurgical aspirant 
cquire a good gene’ cal training 
I hnic the use of the high frequency 
\ mere novice has nore right 
adjuvant than year 
cribe dig 
veloped 
esent the 
new instruments, some 
jointly by 
with the competitive 
ufacturers continually 
accomplished much 
oping < number of admirable, perfect instruments 
eral types are le: The one, dating from 
inal ¢ imer d’Arson and others, 
ys a transformer, »f condensers, spar} 
nd an Oudin i he source of 
beginning wit! overies of 
employs one or more vacuum 
jerating factor. Each surgeon will learn to choose 
elf, after thorougt the type best ada 
needs. The better 1 furnish a current 
jlable by the easy manipulation of a com- 
switchboard or the ready change of elec 


a smooth cur- 
ying from the finest 

ry coagulation without much 

meontrollable flame. Efficient coagulation 

blunt or ball electrode brought near to the tissues 

3 the minimal visible sparking, is another criterion 
@ perfect current. There ought not to be any fusior 
tues to the electrode, but to date n¢ 
le out of which electrodes be 
uch will not stick to the tissues, pulling som¢ 
away when removed and risking tearing a vessel. In 
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coagulated 
waterial 
ade w 


addition, the cutting current should be regulable from 
one severing tissue with only 0.1 mm. of destruction 
on each side to one coagulating 1 or 2 mm. in depth 
The fine cutting current permits primary union: the 
heavier cutting current used in excising an extensive 
ulcerative malignant growth leaves in situ a dry sterile 
coagulum, which prevents any local recurrence or the 
dissemination of cells spilled from the ulcer, In the 
latter class, the local defects are so great that primary 
union is not anticipated and the c 3 


G n coagulum becomes a 
desideratum. All these features, chai ng the 
perfect machine with the minimum number of control 


should be available at the operating table through a 
proper foot switch or by sterile connections for the 
operator’s immediate control, without calling for an 
extra assistant 

At present, electrosurgical cutting and coagulation are 
accomplished by separate electrodes, usually of different 
shape, either necessitating two connections with the 
machine or an interchange of electrodes in a common 
handle attached by a single wire to the apparatus. In 
the latter instance an extra assistant is needed to switch 
from cutting to coagulating current or vice ve Two 
wires, used to carry the current, form an awkward 
addendum at an already complicated operating table. In 
operating rooms, where inflammable anesthetics are 
used, surgeons are urged to secure apparatus of the 
best construction and to keep it in good repair, becau 
open or static electric sparks may cause serious explo- 
sions.? As time passes, it is hoped that these and other 
technical problems will be simplified. 
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